The aim of this study was to evaluate the antiemetic effect of aprepitant and to determine how to provide triple combination therapy (aprepitant/azasetron/dexamethasone) to women receiving paclitaxel/carboplatin moderately emetogenic chemotherapy (MEC).
Background
Chemotherapy-induced nausea and vomiting (CINV) is one of the most feared and distressing adverse events in cancer treatment [1, 2] . Uncontrolled CINV can limit the dose intensity of chemotherapy and compromise a patient's quality of life (QOL) [3] . Low-toxicity chemotherapy is important for maintaining a good performance status and enabling repeat chemotherapy for cancers, including gynecologic cancers. Thus, the prevention of CINV remains the most important issue in supportive cancer care.
Azasetron is a potent and selective first-generation 5-HT3 receptor antagonist developed and sold only in Japan [4] [5] [6] . A 5-HT3 receptor antagonist plus dexamethasone is the conventional antiemetic therapy for gynecologic cancers. However, using this double combination therapy still results in CINV in approximately 25% and 50% of women treated with highly emetogenic antitumor agents in the acute and delayed phases, respectively [7] .
Aprepitant is a neurokinin-1 (NK1) receptor antagonist that was developed as a treatment for both acute and delayed CINV. It acts by inhibiting the binding of substance P to the NK1 receptor in the vomiting center [8] [9] [10] . Some reports have found that the addition of an NK1 receptor antagonist to conventional antiemetic therapy appears to have a significant effect in controlling highly emetogenic chemotherapy (HEC), such as cisplatin-induced emesis. In these studies, the comparative benefit of the aprepitant regimen was more pronounced in the delayed phase [11] [12] [13] . However, the Multinational Association of Supportive Care in Cancer (MASCC) and the American Society of Clinical Oncology (ASCO) guidelines restrict the recommendation of aprepitant use in moderately emetogenic chemotherapy (MEC) [14] . In contrast, the National Comprehensive Cancer Network (NCCN) guidelines recommended aprepitant use in MEC in select patients according the HEC regimen [15] .
Carboplatin is categorized as a MEC agent that induces emesis in the delayed phase [15] . Despite being used widely in the treatment of gynecologic cancers, few studies have investigated the emetic potential of carboplatin-containing therapies such as paclitaxel/carboplatin therapy, and the benefit of adding aprepitant to such regimens is unknown [16, 17] .
We conducted a prospective study to investigate aprepitant use as part of combination therapy and compared the efficacy of triple combination therapy with aprepitant, azasetron, and dexamethasone with that of double combination therapy (conventional therapy) with a 5-HT3 receptor antagonist and dexamethasone in women who received paclitaxel/carboplatin therapy for gynecologic cancers, thus allowing us to reconsidered how triple combination therapy should be administered.
Material and Methods

Study design
The present study was a prospective, non-randomized, single institution study of triple combination therapy (aprepitant/azasetron/dexamethasone) for the prevention of CINV in women with gynecologic cancers treated with paclitaxel/carboplatin. We compared the effects of triple combination therapy with those of double combination therapy to evaluate the antiemetic effect of the addition of aprepitant, and to determine how triple combination therapy should be administered to women with gynecologic cancer receiving multicycles of paclitaxel/carboplatin chemotherapy (which is considered a MEC). The study protocol was approved by the ethics committee of Kyoto University Hospital (registration number/ C515) on April 21, 2011 , and all of the women provided their written informed consent prior to study entry.
Eligibility
All women with gynecologic cancers were treated with paclitaxel/carboplatin therapy at Kyoto University Hospital from April 2011 to April 2015. A total of 163 women who had gynecologic cancers were include: 62 women with endometrial cancers, 27 women with cervical cancers, and 74 women with ovarian cancers (Table 1) . None of the 163 women received radiation therapy while receiving double or triple combination therapy.
The total number of women receiving triple combination therapy was 78 (30 endometrial, 11 cervical, and 37 ovarian cancers), and those receiving double combination therapy was 85 (32 endometrial, 16 cervical, and 37 ovarian cancers). The ratios of endometrial cancer, cervical cancer, and ovarian cancer cases were roughly the same between the two groups.
Of the 78 women using triple combination therapy, 37 had primary ovarian cancers. These 37 women initially received double combination therapy in the first cycle of chemotherapy and then their treatment was changed to triple combination therapy in the second cycle. In the first cycle, we did not inform them that they would be additionally receiving aprepitant during the next cycle of chemotherapy. We compared the digestive symptoms (nausea, vomiting, appetite loss, and dietary intake) in the 37 women before and after aprepitant administration following the first and second chemotherapy treatments, respectively. The remaining 41 women (30 endometrial cancers, 11 cervical cancers) in the triple therapy group received triple combination therapy (including aprepitant) from start to finish. We compared symptoms in the 78 women who underwent 193 cycles using triple combination therapy with the symptoms in the 85 women who underwent 226 cycles using double combination therapy.
Eligible women with gynecologic cancers were treated with paclitaxel (175 mg/m 2 intravenous) and carboplatin (dose targeted by the Calvert equation for a target AUC of 5 or 6) after primary surgery or at recurrence.
Regimens
In the double combination therapy regimen, azasetron (10 mg) was administered intravenously 30 minutes prior to chemotherapy, and dexamethasone (20 mg diluted in 50 mL of 0.9% saline) was administered over 30 minutes prior to chemotherapy on Day 1. The dexamethasone dose was fixed at 20 mg (maximum dose). Dexamethasone was not administered after Day 2 in any of these patients.
In the triple combination therapy regimen, azasetron (10 mg) was administered intravenously 30 minutes prior to chemotherapy, and dexamethasone (8 mg; 40% of maximum dosage, occasionally 4 mg diluted in 50 mL of 0.9% saline) was administered over 30 minutes prior to chemotherapy on Day 1. Aprepitant was administered as follows: a 125 mg capsule was administered orally one hour before chemotherapy on Day 1 followed by an 80 mg capsule on Days 2 and Day 3 ( Table 2) . Dexamethasone was not administered after Day 2 in any of the women. The antiemetic therapy regimens at the first and second chemotherapy sessions in the 37 women with ovarian cancers receiving triple therapy are shown in Table 3 . Table 3 . The regimens of antiemetic therapy at first chemotherapy and second chemotherapy in the 37 patients with ovarian cancers.
Endpoint
The primary endpoint of this study was the change in the degree of four digestive symptoms: nausea, vomiting, appetite loss, and dietary intake.
Evaluation and statistical analysis
We evaluated the symptoms of nausea, vomiting, and appetite loss using a scoring system as follows: not present=0 points, present=1 point, and strongly present=2 points. Regarding the dietary intake, we evaluated the food consumed using a 0-10 point scale for staple foods and 0-10 point scale for side dishes, with a score of 20 points considered a perfect score.
Acute CINV occurs within 24 hours after chemotherapy infusion, while delayed CINV begins 24 hours or longer after infusion. We compared the four digestive symptoms between Day 1 (acute phase; approximately 10 hours after carboplatin administration) and Day 5 (delayed phase; approximately 105 hours after carboplatin administration).
The required sample size was calculated based on an analyses of the mean±standard deviation (SD) dietary intake indices before and after aprepitant administration on Day 5. With a power of 90% and a two-tailed alpha (a) of 0.05, we calculated the sample size. The required population of women with ovarian cancer before and after aprepitant administration was thus calculated to be 24.
The statistical analyses were performed using the paired Student's t-test (before and after the administration of aprepitant in each woman), Student's t-test (comparing the average), and the c 2 test.
Results
Comparison of the symptoms between cycle 1 (without aprepitant) and cycle 2 (with aprepitant)
In 37 women with ovarian cancer, we noted no significant difference in nausea, appetite loss, or dietary intake indices before and after the administration of aprepitant on Figure 1D ). The greater decrease in the values of the observed women on Day 5 than on Day 1 was due to observation errors or noncoordination.
Comparison of the symptoms between double and triple combination therapy in all cycles
We next compared the symptoms in the women after 193 cycles of triple combination therapy and after 226 cycles of double combination therapy (Figure 2 (Figure 2C ), although no marked differences were noted on Day 5 (9.64±5.90 vs. 9.97±5.37).
Accordingly, all four symptoms were worse after 193 cycles of triple combination therapy than after 226 cycles using double combination therapy in the acute phase (Day 1) (Figure 2A-2D) , possibly due to the dose reduction of dexamethasone from 20 mg to 8 mg.
Furthermore, absolute indices of three symptoms (except for vomiting) were worse in the delayed phase (Day 5) compared with the acute phase (Day 1) regardless of aprepitant administration in all cycles (Figure 2A-2C ). Only vomiting seemed to disappear in the delayed phase (Day 5) with or without aprepitant administration ( Figure 2D ).
Discussion
It is well known that the combination of aprepitant, a 5-HT3 receptor antagonist, and dexamethasone is recommended for the prophylaxis of nausea and vomiting in the acute phase of HEC, and aprepitant plus dexamethasone is recommended in the delayed phase of HEC [11] [12] [13] 18] . However, despite the widespread use of carboplatin in cancer therapy, only a few studies have evaluated the risk of emesis with carboplatin-based therapies. In one report, aprepitant added to a 5-HT3 receptor antagonist and dexamethasone improved the overall and delayed complete response (no vomiting and no rescue therapy) rates in carboplatin and pemetrexed chemotherapy [16] . In another study, the combination of aprepitant, ramosetron, and high-dose dexamethasone demonstrated efficient CINV prevention in women with ovarian cancer receiving paclitaxel and carboplatin [17] . Recently, Rapoport et al. performed a large phase III randomized double-blind trial that compared a triple regimen with a control regimen of a broad range of MEC regimens (anthracycline/cyclophosphamide (AC) or non-AC) [19] . Significantly, more women treated with triple combination therapy (5-HT3 receptor antagonist, dexamethasone, and aprepitant) achieved no vomiting and a complete response (CR), regardless of whether they received the AC or non-AC regimen within 120 hours after chemotherapy. However, due to the heterogeneity of chemotherapy in the non-AC MEC population and the use of post-hoc analyses, the data were not sufficient for the recommendation of aprepitant for standard use with initial non-AC MEC chemotherapy.
For acute CINV, the ASCO and MASCC guidelines restrict the recommendation of aprepitant use with MEC, such as a carboplatin-based regimens, but not with an AC-based regimen [20, 21] . The NCCN guidelines, however, broaden the spectrum of the use of aprepitant in this setting and advocate its use in select patients receiving other MECs (e.g., carboplatin, epirubicin, ifosfamide, or irinotecan) [15] . For delayed CINV with MEC, the ASCO and MASCC guidelines state that when aprepitant is used for the prevention of acute CINV then it should also be used for the prophylaxis of delayed CINV as monotherapy. The NCCN guidelines suggest the use of aprepitant with or without dexamethasone [14] . Thus, no standard consensus has yet been established regarding the use of aprepitant in patients receiving MECs.
In the present study, we examined the changes in the symptoms of 37 ovarian cancer patients between cycle 1 (without aprepitant) and cycle 2 (with aprepitant). The nausea, appetite loss, and dietary intake were significantly improved in the delayed phase (Day 5) by first aprepitant addition, but not vomiting. In addition, we administered no dexamethasone in the delayed phase (Days 2-5) in order to investigate the effects of aprepitant alone. Furthermore, no antiemetic medicines were 
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used in the delayed phase of double combination therapy, although aprepitant was administered in the delayed phase (Days 2-3) of triple combination therapy. We hypothesized that the digestive symptoms would be improved with the first addition of aprepitant to double combination therapy. We analyzed these effects on Day 5 when two days had passed after we discontinued aprepitant use. Therefore, we consider that the antiemetic effects of aprepitant may present for a while after discontinuation. After comparing 193 cycles of triple combination therapy with 226 cycles of double combination therapy, however, these digestive symptoms were not significantly different in the delayed phase. This suggests that the effect of aprepitant in the delayed phase was initially good, but its effect gradually might weaken when administered repeatedly.
Aprepitant inhibits CYP3A4, which in turn inhibits the metabolism of dexamethasone, a substrate of CYP3A4 [23] . One article reported that the area under the concentration-time curve (AUC) of dexamethasone was increased approximately 2-fold after the administration of aprepitant (120 mg/day on Day 1 and 80 mg/day on Days 2-5) in adults. Therefore, the dose of dexamethasone is generally understood to be reduced by 50% when used with aprepitant [22] . Although the theoretical halfdose of 20 mg (maximum dose) is 10 mg, the dexamethasone dose was fixed at 8 mg on Day 1 with 120 mg of aprepitant in MEC at our institute. According to all guidelines, the dexamethasone dose with aprepitant is not set at half dosage without aprepitant. A dose of 8 mg of dexamethasone on Day 1 for MEC is in line with the NCCN guidelines [15] . As a result, all four symptoms in all cycles were worse following triple combination therapy than following double combination therapy on Day 1. We believe that the symptoms were influenced by the dose reduction of dexamethasone from 20 mg to 8 mg, which might have eclipsed those induced by the addition of 125 mg of aprepitant; this dose reduction may therefore have been too drastic on Day 1. Recent studies have reported no marked difference in the risk of infection-related serious adverse events between the base and reduced dosages of dexamethasone [17] . 
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Therefore, we concluded that the Day 1 use of 20 mg dexamethasone would be well tolerated and more effective in patients receiving MEC than a reduces dose [17] . Our findings suggest that the suitable range of dexamethasone on Day 1 in MEC is roughly 10 mg to 20 mg, but further safety studies are necessary for women receiving triple combination therapy.
The antiemetic effects may have been underestimated in the delayed phase of CINV, although such effects occur more frequently than in the acute phase [10, 12] . The delayed phase of CINV has a stronger negative impact on the QOL than the acute phase [23] . In the present study, all of the symptoms (except for vomiting) were worse in all cycles regardless of aprepitant use on Day 5 compared to Day 1. We believe that this finding was due to the discontinuation of dexamethasone in the delayed phase (Days 2-5). It therefore appears that aprepitant alone is not sufficient to maintain QOL in the delayed phase. The symptoms (except for vomiting) might be improved if we administer additional dexamethasone in the delayed phase together with aprepitant. Chawla et al. suggested that prolonged dexamethasone (8 mg) be used on Days 2-5. Additional prolonged dexamethasone use might rescue the delayed worsening symptoms [24] . As aforementioned, the ASCO and MASCC guidelines do not include any recommendations for dexamethasone use in the delayed phase and the NCCN guidelines suggest aprepitant use with or without dexamethasone [15, 20, 21] . However, we propose that the prolonged use of dexamethasone on Days 2-5 with aprepitant (Days 2-3) may result in a greater improvement of the symptoms of nausea, appetite loss, and dietary intake in the delayed phase.
The cellular mechanisms of the antiemetic action of dexamethasone were recently reported [25] . These mechanisms might include the following: anti-inflammatory effect; direct central action at the solitary tract nucleus; interaction with the enzymes such as the neurotransmitter serotonin and receptor protein tachykinin NK1 and NK2; regulation of the hypothalamic-pituitary-adrenal axis; and reducing pain with the concomitant use of opioids and opioid-related nausea and vomiting.
Conclusions
In summary, primary additional use of aprepitant with double combination therapy was effective for improving nausea, appetite loss, and dietary intake in the delayed phase. However, repeated use of aprepitant for MEC did not demonstrate marked efficacy for the digestive symptoms in the delayed phase. To improve the QOL of women with gynecologic cancers, the dose reduction of dexamethasone should be restricted on Day 1 and continued throughout the delayed phase.
Further studies with continuous administration of aprepitant and dexamethasone in MEC regimens should be performed. Some guidelines recommend palonosetron as the preferred 5-HT3 receptor antagonist in women undergoing MEC [26, 27] instead of the first-generation 5-HT3 receptor antagonist used in this study. Therefore, further studies of combination therapy with aprepitant, palonosetron, and dexamethasone in MEC regimens for patients with gynecologic cancers should also be performed in the future.
